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. Fluid, Valve 

FIELD OF THE INVENTION 
[0001] The invention relates generally to fluid valves and, more particularly, to a 
valve having an in-line actuating element that compresses a flexible element against a 
support element to close the valve. 

BACKGROUND OF THE INVENTION 
[0002] In many fluid distribution systems - such as may be found in the 
semiconductor industry - fluid valves are often exposed to a variety of harsh chemicals, 
including acids and solvents. To withstand these harsh chemicals, a valve may be 
constructed of chemically resistant materials such as, for example, fluoropolymer 
materials. Fluoropolymer materials commonly used in the fabrication of corrosion 
resistant valves include PTFE (polytetrafluoroethylene), PFA (perfluoroalkoxy), and 
PVDF (polyvinylidene fluoride), as well as others. A wide variety of valve types 
fabricated from such fluoropolymer materials, as well as other corrosion resistant 
materials, and exhibiting high corrosion resistance are commercially available, including 
ball valves, diaphragm valves, poppet valves, sleeve valves, and pinch valves. 
[0003] An important concern in fluid distribution systems, especially for integrated 
circuit manufacturers, is the generation of particulates during valve actuation, as these 
particulates can enter the fluid stream flowing through the valve and migrate to other 
portions of the fluid distribution system. Particulates suspended in a fluid may cause 
corrosion and abrasion of the various components (e.g., valves, flow meters, sensors, 
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tubing) comprising a fluid distribution systqm and, further, such suspended particulates 
may contaminate production parts and materials during manufacturing, resulting in poor 
quality or damaged products. To minimize particulate generation, valve types exhibiting 
low particulate generation (e.g., diaphragm, poppet, sleeve, and pinch valves) are used to 
control fluid flow, while those valve types exhibiting high particulate generation (e.g., 
ball valves) are typically avoided. 

[0004] Also of concern for many fluid distribution systems is abrasion and wear 
caused by the flow of slurries - e.g., abrasive slurries used in lapping processes such as 
chemical-mechanical planarization (CMP) - and other fluids containing abrasive 
particles. A typical ball valve, for example, includes one or more seals that impinge upon 
the valve's ball to form a seal therewith when the ball valve is in the closed condition. 
The material properties (e.g., low hardness) dictated by the sealing function of the seals 
are, in many instances, inconsistent with those characteristics (e.g., high hardness) that 
provide resistance to abrasion. Thus, the seals of a ball valve - as well as other 
components of a fluid distribution system - are often susceptible to abrasion and wear 
when used to control the flow of abrasive slurries. 

[0005] Although diaphragm, poppet, sleeve, and pinch valves provide minimum 
particulate generation during actuation, as noted above, each of these valve types exhibits 
undesirable characteristics. All of these valves typically have a large and bulky external 
structure - in which, for example, the valve actuation mechanism protrudes perpendicular 
from the axis of flow through the valve - making it difficult to closely space a plurality of 
flow lines. The inability to co-locate multiple flow lines in close proximity to one 
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another is problematic where "real estate" available for a fluid distribution system is 
minimal, as is often the case in semiconductor chip manufacturing facilities. 
[0006] Some of the aforementioned valves, such as diaphragm and poppet valves, 
provide a flow path extending therethrough that exhibits multiple fluid direction changes 
and/or that exhibits a reduction in flow path cross-sectional area. Such fluid direction 
changes and flow path reductions - whether either of these characteristics is present 
individually or both are present in combination - provide a flow restriction that limits 
flow through the valve. Also, a flow path having multiple fluid direction changes may 
exhibit stagnant regions where fluid may become trapped. 

[0007] To overcome (or avoid) the internal restrictive geometry of diaphragm and 
poppet valves, a common solution was to use an oversize valve (e.g., using a 3/4" valve 
for a 1/2" pipe installation) in combination with adapters to install the valve. However, 
the use of an oversize valve increases the space necessary for installation, which is 
especially problematic when numerous valves must be co-located in close proximity, as 
noted above. Another typical solution was to altogether avoid diaphragm and poppet 
valves and use valves providing better flow characteristics. A type of valve providing 
improved flow characteristics is the ball valve but, as previously suggested, ball valves 
exhibit relatively high particulate generation and may also be susceptible to wear from 
abrasive slurries. 

[0008] A conventional pinch valve comprises a flexible, tubular sleeve that is 
compressed, or pinched, by a mechanical actuator (e.g., a spring, a push-rod, or a 
combination thereof) to inhibit the flow of fluid through the tubular sleeve. Conventional 
sleeve valves similarly comprise a flexible, tubular sleeve that is compressed under 
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application of, for example, hydraulic (or pneumatic) fluid pressure. Generally, for both 
pinch and sleeve valves, the tubular sleeve must be compressed to a fully collapsed state 
to close the valve. Pinch and sleeve valves provide relatively good flow characteristics 
(e.g., low flow restriction) and minimal particulate generation; however, each of these 
valve types exhibit a number of disadvantages that make them unsuitable for many 
applications. 

[0009] Both pinch and sleeve valves operate insufficiently, or not at all, under 
vacuum conditions, especially for larger diameter valves that may not exhibit sufficient 
resiliency to overcome a vacuum and decompress without assistance. To decompress and 
open a pinch valve subjected to a vacuum, retraction forces (i.e., forces directed radially 
outward) must be applied to the outer surface of the tubular sleeve and, for large diameter 
pinch valves, the retraction forces required to overcome a vacuum may be relatively 
large. To apply such retraction forces, lugs or other grasping devices must be secured to 
the outer surface of the tubular sleeve, such that the pinch valve's mechanical actuator 
can grasp the wall of the tubular sleeve to retract and open the valve when vacuum 
conditions exist. The lugs are typically separate parts that must be attached to the outer 
surface of the tubular sleeve using a bonding or welding process. The bond between the 
lugs and the tubular sleeve, especially for polymer materials commonly used in corrosion 
resistant valves, may be relatively weak in comparison to the forces necessary to 
overcome a vacuum. Accordingly, severing of the bond between the lugs and tubular 
sleeve often occurs when a pinch valve is operated in a vacuum, resulting in a failure of 
the pinch valve to open. A conventional sleeve valve does not operate at all under a 
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vacuum, as retraction forces can notbe applied to the tubular sleeve by application 
hydraulic or pneumatic fluid pressure to the sleeve's outer surface. 
[0010] The mode of actuating pinch and sleeve valves - e.g., full compression or 
collapse of the tubular sleeve to completely restrict fluid flow therethrough - may itself 
lead to a number of problems. In particular, pinch and sleeve valves may not seal 
completely when closed. Also, pinch and sleeve valves exhibit poor fatigue life due to 
the necessity of collapsing the tubular sleeve, which results in sharp bends in the wall of 
the sleeve. Further, due to the difficulty of fully collapsing (and decompressing) a large 
diameter tubular sleeve, pinch and sleeve valves are difficult to manufacture in large sizes 
(e.g., 1" diameter and above). 

[001 1] The lack of a fail safe actuation mechanism is an additional problem exhibited 
by some conventional fluid valves. A typical sleeve valve, for example, is open in the 
relaxed or uncompressed state and provides no restriction to flow. Upon compression of 
the sleeve valve's flexible sleeve by a hydraulic (or pneumatic) actuator that exerts fluid 
pressure against the flexible sleeve, the flexible sleeve deforms to a collapsed state in 
which fluid flow through the sleeve is restricted. However, because the sleeve valve is 
open in the relaxed state (i.e., normally open) and fluid pressure must be maintained 
against the flexible sleeve to maintain the sleeve valve in the closed condition, the sleeve 
valve will fail to restrict fluid flow when fluid pressure in the hydraulic actuator is lost 
and, accordingly, the sleeve valve is not fail safe. 
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SUMMARY OF .THE INVENTION 
[0012] A valve including a support element having a flow path extending 
longitudinally therethrough. At least a portion of the flow path extends along an axis of 
fluid flow through the valve. The valve also includes a flexible element having an open 
state wherein the flow path is open. The flexible element is deformable to a closed state 
wherein the flexible element interrupts the flow path to at least partially restrict fluid flow 
through the flow path. The valve further includes an actuating element having a position 
wherein the flexible element is at the open state. The actuating element is movable along 
the axis of fluid flow to another position wherein the actuating element engages the 
flexible element and deforms the flexible element to the closed state. 

BRIEF DESCRIPTION OF THE DRAWINGS 
[0013] FIG. 1 shows a perspective view of an embodiment of a fluid valve according 
to the invention. 

[0014] FIG. 2 shows an elevation view of the fluid valve illustrated in FIG. 1. 
[0015] FIG. 3 shows a side view of the fluid valve illustrated in FIG. 1. 
[0016] FIG. 4 shows a cross-sectional view of the fluid valve of FIG. 1 as taken along 
line II-II of FIG. 2, the fluid valve exhibiting an open condition. 

[0017] FIG. 5 shows a cross-sectional view of the fluid valve of FIG. 1 as taken along 
line II-II of FIG. 2, the fluid valve exhibiting a closed condition. 
[0018] FIG. 6 shows an expanded perspective view of the fluid valve illustrated in 
FIG. 1. 
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[0019] FIG. 7 shows another expanded perspective view of the fluid valve illustrated 
in FIG. 1. 

DETAILED DESCRIPTION OF THE INVENTION 
[0020] An exemplary embodiment of a fluid valve 10 is shown in FIGS. 1 through 7. 
With reference to FIGS. 1 through 3, the valve 10 includes an inlet 12 for receiving fluid 
and a corresponding outlet 14 that, when the valve 10 is open, exhausts fluid. The valve 
10 may also include a housing 20 that, in the illustrated embodiment, is generally 
cylindrical; however, it should be understood that the housing may be of any suitable 
shape or configuration. The housing 20 has a first end 21 proximate the inlet 12 of valve 
10 and an opposing second end 22 proximate the valve outlet 14. Also, the housing 20 
may be constructed of any suitable material, including both ferrous and non-ferrous 
metals, composites, and polymer materials. 

[0021] Referring now to FIG. 4, the valve 10 includes a support element 40, a 
flexible element 60, and an actuating element 80. The valve 10 may also include a 
biasing element 100. Each of the support element 40, flexible element 60, actuating 
element 80, and biasing element 100 is disposed within the housing 20. The valve 10 has 
a longitudinal axis 3, which, in the illustrated embodiment, corresponds to a central axis 
of each of the support element 40, the flexible element 60, and the actuating element 80, 
as well as the housing 20. 

[0022] The longitudinal axis 3 of valve 10 also corresponds to an axis of fluid flow 
through the valve 10 from the valve inlet 12 to the valve outlet 14. Although the axis of 
fluid flow and the longitudinal axis 3 (i.e., the central axis of the housing 20, support 
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element 40, flexible element 60, and actuating element 80) are generally coincident in the 
illustrated embodiment, it should be understood that, in alternative embodiments, the axis 
of fluid flow may not be coincident with the longitudinal axis 3. It should also be 
understood that, in further embodiments, the housing 20, support element 40, flexible 
element 60, and actuating element 80 may not share a common central axis and, thus, 
may not be concentric. 

[0023] The support element 40 comprises a relatively rigid - in comparison to the 
flexible element 60 - body providing a flow path through the valve 10 and also providing 
a support structure for the flexible element 60. The flexible element 60, when 
compressed (or, more generally, when deformed), as will be explained in greater detail 
below, can interrupt or restrict fluid flow through the flow path of support element 40. 
Further, the support element 40 may provide a guide structure and/or surface for 
movement of the actuating element 80. 

[0024] By way of example, as shown in FIGS. 1 through 7, the support element 40 
may comprise a generally cylindrical body having a first end 41 coupled with the first 
end 21 of housing 20 and an opposing second end 42 coupled with the second end 22 of 
housing 20. To facilitate fabrication and assembly, an end cap 28a and lock ring 28b may 
be used to couple the second end 42 of the support element 40 to the housing second end 
22. The support element 40 may be constructed of any suitable, relatively rigid material, 
including both ferrous and non-ferrous metals, composites, and polymers (e.g., 
fluoropolymers). 

[0025] The support element 40 includes a flow path 44 extending from the first end 
41 of the support element 40 to the second end 42 thereof. Proximate the first end 41 of 
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the support element 40, the flow path 44 has an inlet 45 and, proximate the second end 42 
of the support element 40, the flow path 44 has an outlet 46. The flow path inlet 45 
corresponds to the inlet 12 of valve 10, whereas the flow path outlet 46 corresponds to 
the valve outlet 14. 

[0026] The flow path 44 includes a first channel 51 extending from the first end 41 of 
the support element 40 towards the second end 42 thereof and terminating at one or more 
first ports 54. Each of the first ports 54 extends from the first channel 51 away from the 
longitudinal axis 3 and opens onto an outer surface 48 of the support element 40. The 
flow path 44 further includes a second channel 52 extending from the second end 42 of 
the support element 40 towards the first end 41 thereof and terminating at one or more 
second ports 55, each of the second ports 55 extending from the second channel 52 away 
from the longitudinal axis 3 and opening onto the outer surface 48. Generally, the second 
channel 52 has a cross-sectional area substantially the same as a cross-sectional area of 
the first channel 5 1 . The sum of the cross-sectional areas of the first port(s) 54 may be 
substantially equal to (or greater than) the cross-sectional area of the first channel 51 and, 
similarly, the sum of the cross-sectional areas of the second port(s) 55 may be 
substantially equal to (or greater than) the cross-sectional area of the first channel 51. 
[0027] As illustrated in FIG. 4, which shows the valve 10 in the open condition, fluid 
entering the flow path inlet 45 (valve inlet 12) travels through the first channel 51 to the 
first port or ports 54, through the first port(s) 54 and over the outer surface 48 of support 
element 40 to the second port or ports 55, through the second port(s) 55 to the second 
channel 52, and through the second channel 52 to the flow path outlet 46 (valve outlet 
14). Fluid flow through the flow path 44 is denoted in FIG. 4 by arrows 5. As will be 
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explained in greater detail below, fluid flow, from the first port(s) 54 and over the support 
element outer surface 48 to the second port(s) 55 is constrained or bounded by the 
flexible element 60 when the valve 10 is open and is restricted by the flexible element 60 
- when the valve 10 is closed. 

[0028] The flexible element 60 comprises an elastically deformable body that, when 
at an open state, does not restrict fluid flow (although it may bound the fluid flow) 
through the flow path 44 of support element 40 and, further, that is compressible (or, 
more generally, deformable) to a closed state in which the flexible element 60 at least 
partially restricts or interrupts the flow of fluid through flow path 44. During 
deformation of flexible element 60 to the closed state, support element 40 provides a 
support structure against which the flexible element 60 may be compressed. Further, 
because the first port(s) 54 direct fluid flow away from the longitudinal axis 3 (i.e., the 
axis of fluid flow) and over the outer surface 48 of support element 40, the deformation 
required for flexible element 60 to engage the support element 40 and interrupt the flow 
path 44 is minimized. 

[0029] For example, as shown in FIGS. 1 though 7, the flexible element 60 may 
comprise a tubular, flexible sleeve having a first end 61 coupled with the outer surface 48 
of support element 40 and an opposing second end 62 also coupled with the support 
element outer surface 48. The flexible element 60 may be fabricated from any suitable 
elastically deformable material, such as molded PFA and other fluoropolymers, as well as 
from a combination of materials (e.g., a laminate or composite). Any suitable coupling 
system and/or method may be employed to couple each of the first and second ends 61, 
62 of the flexible element 60 to the support element 40. For example, an overmolded 
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collar 110 may couple the first end 61 to the support element 40, the process of 
overmolding being well known in the art. A threaded collar 120 may couple - via a 
threaded connection 150 - the second end 62 of the flexible element 60 to the support 
element 40, the threaded collar 120 also providing one or more guide surfaces for 
movement of the actuating element 80, as will be explained below. 
[0030] An inner surface 64 of the flexible element 60 serves as a boundary that 
constrains fluid flowing from the first port(s) 54 and over the outer surface 48 of the 
support element 40, such that fluid is directed into the second port(s) 55 and does not 
escape the flow path 44 of support element 40 when the valve 10 is open. The flexible 
element inner surface 64 and the support element outer surface 48 define (when the valve 
10 is open) an annular region 160, the annular region 160 being in fluid communication 
with both the first port(s) 54 and the second port(s) 55. The annular region 160 may have 
a cross-sectional area at least substantially equal to (or greater than) the cross-sectional 
area of the first channel 51. When the valve 10 is closed (see FIG. 5), a portion of the 
inner surface 64 of flexible element 60 engages the first port(s) 54 to form a seal between 
the first port(s) 54 and the flexible element inner surface 64, thereby substantially 
restricting flow through the valve 10. An outer surface 65 of the flexible element 60 is 
engaged with the actuating element 80, the actuating element 80 selectively compressing 
and decompressing the flexible element 60 to close and open, respectively, the valve 10. 
[0031] To enhance the seal between the inner surface 64 of flexible element 60 and 
the first port(s) 54 of support element 40, the inner surface 64 may include one or more 
seal elements 71 disposed or formed thereon. A seal element 71 may comprise any 
suitable body or structure adapted to create a sealing engagement between the first port(s) 
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54 and the flexible element inner surface 64. For example, as illustrated in FIGS. 4 and 
5, the seal element 71 may comprise a raised protrusion formed on the inner surface 64. 
The raised protrusion may comprise a hemispherical bump configured to form a seal with 
a single first port 54 or, alternatively, the raised protrusion may comprise semi-cylindrical 
ridge extending about the circumference of the inner surface 64 that is configured to form 
a seal with multiple first ports 54. 

[0032] The actuating element 80 comprises any suitable actuator exhibiting a position 
wherein the flexible element 60 does not seal the first port(s) 54 and the valve 10 is open. 
Further, the actuating element 80 is movable to another position wherein the actuating 
element 80 engages and compresses the flexible element 60 against the support element 
40 to seal the first port(s) 54 and close the valve 10. Also, the actuating element 80 is 
movable along, or parallel to, the axis of flow of valve 10 (i.e., longitudinal axis 3 in the 
illustrated embodiment). 

[0033] By way of example, as illustrated in FIGS. 1 through 7, the actuating element 
80 may comprise a piston slidably disposed in the housing 20 and having an engagement 
end 81 to engage the outer surface 65 of the flexible element 60. The actuating element 
80 also includes an opposing end 82, which may engage the biasing element 100, as will 
be explained below. The actuating element 80 may comprise any suitable material, 
including both ferrous and non-ferrous metals, composites, and polymers. 
[0034] A working fluid cavity 130 is bounded by an end 122 of the threaded collar 
120, an outer surface 89 of an inner cylindrical flange 87 extending from the opposing 
end 82 of actuating element 80 (and towards valve inlet 12), and an inner surface 84 of 
actuating element 80 (which extends down to the cylindrical flange 87). Working fluid 
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may be introduced into the working fluid cavity 130 via a fluid tap 135 in fluid 
communication with the cavity 130 and extending out through a slot 29 in housing 20, the 
slot 29 allowing the fluid tap 135 to move with the actuating element 80 and relative to 
housing 20. The working fluid may comprise any suitable hydraulic fluid or any suitable 
gas, such as air or an inert gas. As will be explained in greater detail below, working 
fluid is injected (via fluid tap 135) into the working fluid cavity 130 to move the 
actuating element 80 along the axis of flow and, thereby, to open (or, optionally, to close) 
the valve 10. 

[0035] Movement of the actuating element 80 along the axis of flow may be guided 
by one or more guide surfaces. For example, an inner surface 24 of the housing 20 may 
slidably engage an outer surface 85 of the actuating element 80. Similarly, an outer 
surface 125 of the threaded collar 120 may slidably engage the inner surface 84 of the 
actuating element 80, whereas an inner surface 124 of the threaded collar 120 may 
engage the outer surface 89 of the inner cylindrical flange 87 extending from opposing 
end 82 of actuating element 80. Also, a portion 48' of the outer surface 48 of support 
element 40 may slidably engage an inner surface 88 of the inner cylindrical flange 87. 
Each of the above-referenced surfaces (e.g., inner surface 24 of housing 20; inner and 
outer surfaces 124, 125 of threaded collar 120; the portion 48' of support element outer 
surface 48) functions as a guide surface to restrict movement of the actuating element 80 
in a direction along, or parallel with, the axis of flow (e.g., longitudinal axis 3) of valve 
10. 

[0036] The engagement end 81 of actuating element 80 may be coupled with the 
outer surface 65 of the flexible element 60 by any suitable coupling system and/or 
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method. In one embodiment, the engagement end 81 simply abuts and slides relative to 
the flexible element outer surface 65 and, to facilitate such a sliding engagement, one or 
more cam mechanisms may be employed. For example, as illustrated in FIGS. 4 through 
7, a cam 93 having a cam surface 94 may be disposed on the engagement end 81 of 
actuating element 80, and a mating follower 73 having a follower surface 74 may be 
disposed on the outer surface 65 of the flexible element 60. By appropriate design of the 
cam and follower surfaces 94, 74, respectively, greater control over the deflection of 
flexible element 60 may be realized. Multiple cam mechanisms (e.g., cam 93 and 
follower 73) may be disposed between the actuating element engagement end 81 and the 
flexible element 60. For example, a cam mechanism may be used to control deflection of 
the flexible element 60 at locations proximate each of the first port or ports 54. 
[0037] In a further embodiment, one or more pins 140 may couple the flexible 
element 60 with the engagement end 81 of actuating element 80. The pin(s) 140 may be 
provided in conjunction with, or in lieu of, one or more cam mechanism, as described 
above. To secure a pin 140 with the flexible element 60, any suitable mating aperture 
may be provided on the flexible element 60, such as the mating aperture 78 disposed on 
each of the followers 73. Similarly, any suitable aperture may be provided on the 
actuating element 80 to secure a pin 140 therewith. By way of example, a mating 
aperture 98 may be disposed in the engagement end 8 1 of actuating element 80 (see FIG. 
6). One of the mating apertures 78, 98 may be formed as a slot to allow relative 
movement between a pin 140 and one of the flexible element 60 and the actuating 
element 80. Coupling the actuating element 80 with the flexible element 60 using one or 
more pins 140 provides a bi-directional linkage, thereby enabling the actuating element 
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80 to positively open and close the valve 10 under a vacuum condition (i.e., fluid pressure 
in flow path 44 less than a pressure outside the flow path 44). It should be understood 
that, in addition to pin(s) 140, any other suitable coupling mechanism (e.g., a ball-and- 
socket joint) may couple the engagement end 81 of actuating element 80 with the flexible 
element 60, so long as the coupling mechanism provides positive, bi-directional 
movement of the flexible element 60. 

[0038] Referring to FIG. 5, which shows the valve 10 in the closed condition, the 
actuating element 80 has compressed the flexible element 60 against the support element 
40, such that the inner surface 64 (e.g., seal element(s) 71) of flexible element 60 has 
engaged and sealed the first port(s) 54 on support element 40. To facilitate deflection of 
the flexible element 60 when fully compressed against the support element 40 and, 
further, to prevent fatigue related failures of the flexible element 60, the flexible element 
60 may include an expansion element 79. By way of example, as shown in FIGS. 4 and 
5, the expansion element 79 may comprise a semi-cylindrical ridge formed about the 
circumference of the flexible element 60. During compression of the flexible element 60 
(see FIG. 5), the semi-cylindrical ridge of expansion element 79 expands and reduces 
stress within the flexible element 60. 

[0039] The biasing element 100 comprises any suitable elastic body capable of 
biasing the actuating element 80 towards (or, optionally, away from) the flexible element 
60, such that the valve 10 is normally closed (see FIG. 5). Also, the biasing element 100 
is selected to provide a biasing force sufficient to maintain the valve 10 in the closed 
condition under the maximum expected fluid pressure in flow path 44. The biasing 
element 100 is further selected such that, upon introduction of the appropriate volume of 
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working fluid (under adequate fluid pressure) into the working fluid cavity 130, the 
biasing force can be overcome and the valve 10 opened (see FIG. 4). 
[0040] For example, as shown in FIGS. 4 through 7, the biasing element 100 may 
comprise a helical compression spring disposed in a cavity 170 and having a first end 101 
abutting the opposing end 82 of the actuating element 80 and an opposing, second end 
102 abutting the end cap 28a (or, more generally, coupled with the housing second end 
22). The helical compression spring is sized to enable an adequate volume of pressurized 
working fluid in working fluid cavity 130 to compress the spring, while providing a 
biasing force sufficient to maintain the valve 10 closed when subjected to a specified 
maximum operating pressure. 

[0041] In the illustrated embodiment of FIGS. 1 through 7, the biasing element 100 is 
employed to bias the actuating element 80 towards a position (e.g., towards the flexible 
element 60) wherein the actuating element 80 compresses the flexible element 60 to the 
closed state, such that the valve 10 is normally closed and is fail safe. In an alternative 
embodiment, however, a biasing element 100 may be employed to bias the valve 10 into 
the open condition (i.e., normally open). In a further embodiment, a biasing element 100 
may be used standing alone and without a working fluid cavity. In this embodiment, the 
biasing element 100 may bias the actuating element 80 towards the position wherein the 
actuating element 80 deforms the flexible element 60 to the closed state, the biasing force 
of biasing element 100 being overcome by fluid pressure within flow path 44 (e.g., a 
check valve). In yet another embodiment, the valve 10 does not include a biasing 
element 100 and positive, bi-directional operation of the actuating element 80 can be 
achieved using a second working fluid cavity, such as may be formed in the cavity 170. 
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[0042] Operation of the valve 10 is now explained in greater detail. As noted above, 
in the illustrated embodiment, the valve 10 is normally closed. In the closed condition, 
the biasing element 100 biases the actuating element 80 to a position wherein the 
engagement end 81 of actuating element 80 is engaged with the outer surface 65 of 
flexible element 60 to compress the flexible element inner surface 64 against the outer 
surface 48 of support element 40. When the flexible element 60 is fully compressed 
against the support element outer surface 48 (i.e., the closed state of flexible element 60), 
the flexible element 60 seals the first port(s) 54 and restricts fluid flow through the flow 
path 44. One or more sealing elements 71 disposed on the flexible sleeve 60 may be 
employed to improve the seal between the flexible element inner surface 64 and the 
support element outer surface 48 at the first port(s) 54. 

[0043] To open the valve 10, working fluid is injected into the working fluid cavity 
130 via fluid tap 135, As working fluid is supplied to the working fluid cavity 130, the 
working fluid cavity 130 will expand and move the actuating element 80 along the axis of 
flow towards another position (e.g., away from the flexible element 60 or rightward in 
FIG. 5) while also compressing the biasing element 100. When an appropriate volume of 
working fluid has been provided to the working fluid cavity 130, the actuating element 80 
will be fully retracted and the engagement end 81 of actuating element 80 will no longer 
compress the inner surface 65 of flexible element 60 against the outer surface 48 of 
support element 40 at the first port(s) 54. The flexible element 60 - due to its own elastic 
resiliency and/or due to the force exerted through pin(s) 140 - may then move away from 
the support element outer surface 48, wherein the flexible element 60 no longer restricts 
fluid flow through the flow path 44 of support element 40 (i.e., the open state of flexible 
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element 60) and the valve 10 is open. It should be understood that, when the valve 10 is 
open (e.g., flexible element 60 at the open state), the engagement end 81 of actuating 
element 80 may still be engaged with the flexible element 60. For example, a surface of 
engagement end 81 (e.g., cam surface 94) may abut a surface (e.g., follower surface 74) 
of flexible element 60 and/or a pin or pins 140 may couple the actuating element 80 with 
the flexible element 60. 

[0044] If a vacuum exists in flow path 44 - wherein the pressure acting on inner 
surface 64 of flexible element 60 is less than the pressure acting on the outer surface 65 
thereof - the resiliency (i.e., the ability to return to an initial and/or undeformed state) of 
the flexible sleeve 60 may be insufficient to overcome the pressure differential created by 
the vacuum. The valve 10, however, may be adapted using pin(s) 140, or other suitable 
coupling mechanism, to operate under a vacuum condition, as noted above. A pin (or 
pins) 140 coupled with a mating aperture (e.g. a hole or slot) 78 on the flexible element 
60 and also coupled with a mating aperture (e.g., a hole or slot) 98 on the actuating 
element 80 provides positive, bi-directional deflection of the flexible element 60. Stated 
another way, as the actuating element 80 is retracted towards a position wherein the valve 
10 is open, the actuating element 80 - in conjunction with the pin(s) 140 - exerts a 
retraction force on the flexible element 60, thereby "pulling" the flexible element 60 
away from the outer surface 48 of support element 40. 

[0045] While the valve 10 is open, fluid enters the flow path 44 at flow path inlet 45 
and flows through the first channel 51 toward the flow path outlet 46, as illustrated by 
arrows 5 in FIG. 4. Fluid in the first channel 5 1 flows into the first port(s) 54, the first 
port(s) 54 directing the fluid away from the axis of flow (e.g., longitudinal axis 3) and 
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over the outer surface 48 of the support element 40 to the second port(s) 55. Fluid 
flowing over the outer surface 48 of support element 40 is bounded by the inner surface 
64 of flexible element 60. The second port(s) 55 direct fluid back towards the axis of 
flow and into the second channel 52, and fluid flows through the second channel 52 
towards the flow path outlet 46, where fluid is exhausted from the valve 10, 
[0046] To again close the valve 10, the working fluid is released (via fluid tap 135) 
from the working fluid cavity 130. As the working fluid is exhausted from the working 
fluid cavity 130, the biasing element 100 will exert a biasing force against the actuating 
element 80, causing the actuating element 80 to again move to a position (see FIG. 4) 
wherein the valve 10 is in the closed condition. Once again, when the valve 10 is closed, 
the actuating element engagement end 81 engages and compresses the flexible element 
60, such that the inner surface 64 of the flexible element 60 seals off the first port(s) 54 of 
flow path 44. During engagement (and relative movement) between the actuating 
element 80 and the flexible element 60, the engagement end 81 of actuating element 80 
may include a cam 93 having a cam surface 94 that slidably engages a follower surface 
74 of a follower 73 on flexible element 60, as described above. 
[0047] An exemplary embodiment of a valve 10 - as well as numerous alternative 
embodiments - having been herein described, those of ordinary skill in the art will 
appreciate the advantages thereof. Because the actuating element 80 is mounted in-line 
with the axis of flow through the valve 10 and is movable along this axis, the valve 10 
exhibits a small form factor - i.e., transverse dimension (diameter) divided by the 
longitudinal dimension (length) - in comparison to conventional valves, making the valve 
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10 suitable for closely spaced installations. Further, a biasing element 100 may bias the 
actuating element 80 to a position such that the valve 10 is normally closed and fail safe. 
[0048] The valve 10 does not exhibit any substantial directional changes in fluid flow 
since the flow path 44 through support element 40 runs substantially straight along the 
axis of flow (i.e., longitudinal axis 3) with only a minor deviation, as fluid is directed 
through the first port(s) 54 and over the support element outer surface 48 to the second 
port(s) 55. Also, the valve 10 does not exhibit any significant variation in cross-sectional 
area of the flow path 44. Accordingly, due to the lack of directional changes and area 
reductions in the flow path 44, the valve 10 provides a low flow resistance. Further, the 
internal geometry of valve 10 minimizes regions of stagnant flow, thereby preventing 
fluid trapping. 

[0049] Because the flexible element 60 is not fully collapsed to close the valve 10 
but, rather, is minimally compressed against the support element 40, no sharp bends will 
be formed in the flexible element 60, thereby extending the fatigue life of the valve 10 
and improving reliability. Further, due to positive, bi-directional operation of the flexible 
element 60, the valve 10 can function under a vacuum. In addition, because the flexible 
element 60 deforms a relatively small amount in comparison to prior art valves and, 
further, because the flexible element 60 is driven in a positive, bi-directional manner, the 
valve 10 can be manufactured in any suitable size, including relatively larger sizes in 
comparison to conventional valves. 

[0050] The valve 10 is suitable for use with any type of fluid, whether in the liquid or 
gas state. Through appropriate selection of materials for the support element 40 and 
flexible element 60, the valve 10 may be used to control the flow of corrosive fluids as 
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well as abrasive slurries. The valve 10 is, however, not limited to use for the distribution 
of corrosive and/or abrasive fluids, as the valve 10 may also be used for controlling the 
flow of relatively inert liquids and gases. 

[0051] The foregoing detailed description and accompanying drawings are only 
illustrative and not restrictive. They have been provided primarily for a clear and 
comprehensive understanding of the present invention and no unnecessary limitations are 
to be understood therefrom. Numerous additions, deletions, and modifications to the 
embodiments described herein, as well as alternative arrangements, may be devised by 
those skilled in the art without departing from the spirit of the present invention and the 
scope of the appended claims. 
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